In neuroscience research, cell culture systems are essential experimental platforms. It is of great interest to explore in vivo-like culture substrates. We explored how basic properties of neural cells, nuclei polarization, phenotypic differentiation and distribution/migration, were affected by the culture at poly-L-lactic acid (PLLA) fibrous scaffolds, using a multipotent mitogen-expanded human neural progenitor cell (HNPC) line. HNPCs were seeded, at four different surfaces: two different electrospun PLLA (d = 1.2 -1.3 µm) substrates (parallel or random aligned fibers), and planar PLL-and PLLA surfaces. Nuclei analysis demonstrated a non-directed cellular migration at planar surfaces and random fibers, different from cultures at aligned fibers where HNPCs were oriented parallel with the fibers. At aligned fibers, HNPCs displayed the same capacity for phenotypic differentiation as after culture on the planar surfaces. However, at random fibers, HNPCs showed a significant lower level of phenotypic differentiation compared with cultures at the planar surfaces. A clear trend towards greater neuronal formation at aligned fibers, compared to cultures at random fibers, was noted. We demonstrated that the topography of in vivo-resembling PLLA scaffolds significantly influences HNPC behavior, proven by different migration behavior, phenotypic differentiation potential and nuclei polarization.
Introduction
For proper central nervous system (CNS) development, homeostasis and overall func- in vitro cell culture systems mimicking this 3D environment would most probably generate more relevant initial experimental results, and subsequently a more reliable translation to complex models. This is also a cornerstone for tissue engineering approaches, and electrospinning is a widely-used technique for fabrication of ECM mimicking fibrous scaffolds [1] [2] [3] [4] [5] . Important parameters like fiber diameter, porosity and surface areas can be replicated [1] [6] from many appropriate materials, from both natural and synthetic origin, e.g., natural materials or biodegradable and compatible polymers [1] [7] .
Initial work shows that culture a telectrospun fiber scaffolds influence the behavior of a range of neural cell types. Better cell survival, increased differentiation and facilitation of axonal outgrowth in vitro, were described using rodent embryonal cortical-, hippocampal-and retinal cells [8] [9] [10] . Neuronal differentiation from embryonic stem cells including human, was also promoted using fibrous substrates [11] [12] . In peripheral nerve-and spinal cord bioengineering, aligned fiber substrates facilitate and direct neurite outgrowth in vitro, using, e.g., chick [13] or rat dorsal root ganglion [14] [15] and in vivo, for spinal cord injury models [1] [7] [11]- [21] . Other in vivo studies demonstrate that implanted electrospun fibers can interact with neural cells and facilitate tissue regeneration [22] , as well as improve delivery and integration of cells grafted to the retina [23] . Although promising, increased understanding on the key physicaland chemical cues of electrospun fibrous substrates for supporting survival-and controlling neural cell behavior is needed for further advancements in many research fields in neuroscience. Indeed, recently, for the first time we reported a significant effect of chemical respective physical cues on post-natal mouse retinal cell behavior using different designed electrospun fibrous scaffolds [24] . Nanotopography per se significantly affected cell morphology, but the chemical cue, i.e. ECM component laminin, was found to be stronger than the physical cue for the orientation of retinal neurites.
A well-acknowledged tool cell assay in neuro-engineering research is expandable embryonal brain-derived precursors. We previously reported efficient use of mitogen-expanded human neural progenitor cell (HNPC) lines in neurorestorative studies, in in vitro and in vivo models of the CNS [25] - [30] . These cells respond to physical cues, with increased cell survival and graft-host integration in vivo by using a nanofiber gel as supporting scaffold [31] [32] . Also, chemical cues affect behavior of such cells, as we presented in studies using a co-culture with explanted brain tissue [29] , a specific cocktail for dopaminergic neuron differentiation [25] , or by different culture media [30] . NB: In all previous studies, we have used routine planar culture dishes as "base-line" control for, e.g., survival-and phenotypic differentiation capacity.
Therefore, we here wanted to explore how HNPC behavior was affected by in vivoresembling culture surfaces, provided by electrospun PLLA fibrous scaffolds. We examined how fundamental properties of HNPC behavior, including nuclei polarization, phenotypic differentiation and distribution/migration were affected by culture at four different surfaces: two different fibrous (d = 1.2 -1.3 µm) substrates, i.e., parallel or random aligned fibers, a planar PLLA surface and a traditional PLL-coated glass slide.
Qualitative studies on distribution/migration and qualitative analysis on phenotypic differentiation and nuclei polarization of the cells were performed, using immunocytochemistry and imaging analysis.
Methods

Fabrication of Culture Substrates
Electrospinning
Poly-L-lactic acid (PLLA), 18,000 -28,000 g/mol (Sigma Aldrich, St. Louis, USA) was dissolved in chloroform (7% w/v) and stirred thoroughly to ensure a homogenous solution. The electrospinning device was operated at room temperature in a custom made, ventilated plexiglass hood using a 1 ml syringe (Terumo, Eschborn, Germany) with a blunt, 20 gauge syringe needle (Fisher Scientific, Hampton, USA) driven by a syringe pump (AL-1000, World Precision Instruments, Sarasota, USA). A high voltage supply (HCP35, FUG Elektronik, Rosenheim, Germany) was connected to the needle (positive polarity) and two different targets (grounded) were used to create different fiber morphologies. The spinning parameters used were: accelerating voltage = 24 kV, flow rate = 0.5 ml/h, needle-target distance = 15 cm.
For random fibers, a 6 × 12 cm stationary steel plate was used as target while a rotating (5500 rpm = 60 m/s) thin aluminum wheel (21 cm diameter, 3 cm) was used for aligned fibers. In both cases sheets of PLLA film (Goodfellow, Huntingdon, England) were fixed onto the collectors before electrospinning the fibers. The resulting fiber-coated films were removed from the targets, cut into approximately 1 × 1 cm 2 pieces and put in 12-well plates until use. Prior to use the nanofiber substrates were sterilized by incubation in 70% ethanol for 10 mins at RT, and then dried at RT before use for cell cultures. Samples for scanning electron microscopy (SEM) were sputter-coated (JFC-1300, Anatech Ltd. Denver, NC USA) with 10 nm gold/platinum prior to observation.
Control Surfaces
Two flat culture surfaces were used, i.e., PLLA film (Goodfellow, UK) and PLL-coated glass slides (4 µg/cm 2 , Sigma).
Generation and Expansion of the Human Neural Precursor Cell Line
The human neural progenitor cell line used for this study was originally established by 
Seeding and Culture of HNPC
Spheres, 0.5 -1.0 mm in diameter, were seeded at the center and in a streak at the substrate, with approximately 10 spheres/substrate. The following groups were included, neurospheres seeded on aligned fibers (n = 50 specimens), random fibers (n = 50 specimens), PLLA flat surfaces (n = 50) and PLL-coated glass chamber slides (n = 12 specimens). Seedings were performed at least at four independent sessions and days.
Starting at 3 days in vitro (DIV), half of the medium volume was changed to fresh medium every 2 nd -3 rd day.
Immunocytochemistry
Cells were fixed with 4% paraformaldehyde (Sigma-Aldrich) in phosphate buffered sa- 
Microscopy
The scanning electron microscope images were acquired using a field emission scanning electron microscope (JEOL JSM-5600 LV) operated typically at an acceleration voltage of 5 kV. Fluorescence microscopy was performed on a Nikon Eclipse E800 and the images were analyzed using Imager 2 and Adobe Photoshop (CS5 Extended, ver.
12.0.4 × 64).
Analysis
Characterization of Electrospun Fibers
From SEM images the diameters of n = 20 fibers per sample (n = 3) were measured us- were chosen for FFT. The intensity of the FFT-spectrum was summed radially (360˚) using the plugin and plotted for every single angle. Due to the symmetry of the spectra, only values for 0˚ -180˚ were used where 90˚ indicated perfect alignment. A statistical test (paired T-test) between the FFT-spectrum intensities of the aligned and random fiber-substrates was also done.
Cell Behavior at the Different Substrates
Qualitative analysis was made for the seeding success, i.e. attachment of spheres on the respective surface, at two days after seeding. The specimens were analyzed after 2, 5, 10 and 20 days in culture. All quantitative analysis was made at 10 days after seeding.
Nuclei polarization was assessed, by evaluating DAPI-stained nuclei orientation with respect to orientation to fibers in the respective fiber substrate. Nuclei elongation and area was measured from DAPI-stained nuclei using Image J. > 800 nuclei/sphere from 6 spheres/group and taken from ≥3 different substrates was included in the nuclei analysis.
Quantifications of DAPI-, GFAP-and DCX-positive cells (≥300 cells/sphere), respectively, were made from six seeded neurospheres taken from different substrates.
Cells in the remaining core of the seeded neurosphere were not included and the counting area began directly adjacent to the remaining core.
Qualitative studies were made for the migration, distribution and cellular morphologies of the HNPC after culture at the different substrates (≥10 spheres/group taken from at least three different substrates).
Results are given as percentage ± standard error of the mean (SEM). A value of p < 0.05 was considered to be statistically significant, with *p < 0.05, **p < 0.01 and ***p < 0.001.
Results
Fabrication of Electrospun PLLA Fibers
From SEM-images, the fiber diameter of the aligned electrospun PLLA fibers ( 
Attachment and Survival of Neurospheres
Spatial and Temporal Migration
Cell phenotype was identified using the marker doublecortin (DCX) for neurons and the marker glial acidic fibrillary protein (GFAP) for glial cells. DCX, a microtubule-associated protein is reported to be expressed from the neuroblast-stage, during neuronal maturation and is normally down-regulated when the neuron is fully mature [34] . GFAP is known to be expressed by human radial glial cells, neural progenitors, astrocytes [35] and also in certain developmental stages of neuronal formation.
DCX/GFAP double-positive cells were hence considered as early neurons. The distribution of the cells from the neurospheres on the different topographies was examined at 2, 5, 10, and 20 days (Figures 2-5 ). days specimens, and distribution of cells was similar to shorter the shorter time-points.
Flat Surfaces-Spatial and Temporal Migration
Random Fibers-Spatial and Temporal Migration
HNPC on randomly oriented fibers displayed a very similar distribution/migration pattern as on the flat surfaces. However, the migration rate appeared slower on fiber substrates as larger residues of the spheres remained longer ( Figure 3 and Figure 4 ). 
Nuclei Polarization
Cultures at 10 DIV were analyzed for DAPI-labelled nuclei size, form and orientation The projected nucleus area was significantly larger for cells grown on flat surfaces as compared to fiber substrates. (F). Elongated nuclei were more common for cells cultured on aligned fibers than random, although also the nuclei on flat PLLA had highly elongated morphology. (G) and (H). Both the major and minor axis of the nuclei was significantly larger for cells grown on flat substrates as compared to the fiber substrates, reflecting the overall mean nucleus area. (I). The alignment of nuclei is significantly different between cells on the aligned fiber substrates as compared to all other substrates. Results are given as mean and SEM, n = 6/group. Scale bars = 50 µm. (**p < 0.01, ***p < 0.001).
( Figure 6 (E)). Elongated nuclei were more significantly common for cells cultured on aligned fibers than random, although also the nuclei on flat PLLA had highly elongated morphology ( Figure 6(F) ). Examination of minor-and major axis of the nuclei at planar surfaces showed significantly larger lengths of both parameters compared to cells grown on fiber substrates, reflecting the overall mean nucleus area (Figure 6 (G) and Figure 6 (H)).
The observed non-directed cellular migration, at planar and random fibers, was further supported by the analysis of the nuclei orientation, presented as distribution of cells at different angles from an arbitrary starting point. Here the nuclei angles were evenly distributed from 0˚ -180˚, suggesting no preferred direction of the nuclei (Figure 6(I) ).
Directed migration at the aligned fibers was also supported nuclei analysis, with a preferred orientation of the nuclei along the fibers, i.e. mostly not differing more than 20˚ from the fiber angle ( Figure 6(I) ). The more elongated nuclei as well as with a longer major axis than nuclei at random fiber substrates suggest a directed migration pattern in parallel with the aligned fibers.
Cellular Morphologies and Quantification of GFAP-and DCX-Positive Cells at 10 Weeks
At 2 DIV at all substrates both DCX-and GFAP-expressing cells displayed a range of different morphologies (Figures 2-5 ). Here we made a qualitative analysis of the fractions of DCX+-and GFAP+ morphologies, respectively. Then we quantified numbers of GFAP+ and DCX+ cells.
Three major neuronal morphologies were found; 1) round cell bodies with short process/-es, 2) elongated cell bodies with one/two often long processes or 3) round cell bodies with multiple short/long thin processes (Figures 7(A)-(C) ). All three types were observed on the different substrates, but in varying fractions.
Overall, on the flat surfaces, DCX+ cells of the three morphologies were found in equal fractions at all time-points.
At both fibers substrates at early time-points (2 and 5 DIV) when cells had migrated moderately, less bipolar DCX+ cells were found. As more extensive cell migration out from the sphere site occurred (10 and 20 DIV), more bipolar DCX+ cells were found.
In parallel, multipolar neurons were most frequently found at early time-points at the center of the sphere's original site/residues of the spheres, and increased over time.
Elongated DCX+ cells were more typically found on the aligned fibers than on the random oriented fibers (Figure 6(C) ). On the aligned fibers, in particular DCX+ cells were found in close contact with the bipolar GFAP+ cells, indicating that the DCX+ cell was migrating along the GFAP+ cell.
GFAP+ cells also displayed primarily three morphologies; 1) large flat cell bodies with multipolar short processes, 2) elongated cell bodies with uni/bipolar often long processes and 3) elongated cell bodies with multiple processes, of which all three types were found on the four different substrates, but in varying degree (Figures 7(D)-(F) ).
At PLL and PLLA flat surfaces, the majority of GFAP+ cells displayed the large and flat cell profile (Figure 7(D) ), and smaller fractions had elongated cell bodies with varying 
C). (D)-(F). GFAP+ cells displayed primarily three morphologies, large flat with multipolar short processes (D), bipolar elongated (E) and elongated with multiple processes (F). (G).
The graph shows total numbers of DCX+-and GFAP+ cells, DCX+ cells and GFAP+ cells, presented as percent of total cells (as counted by DAPI staining). Overall cells grown at aligned fibers displayed similar numbers as cells grown at flat surfaces. Note that significantly lower numbers of neurons (DCX+ cells) and total numbers of GFAP+ and DCX+ were found for the random fiber substrate group compared to the flat surface groups (especially cf to PLLA flat control). The differentiation of cells on random fibers shows large variations. Scale bars = 100 µm. Normalized values as average and SEM is given (n = 6 specimens/group), **p < 0.01, ***p < 0.001.
appearance and numbers of processes. On random fibers, the fraction of flat and large GFAP+ cells was smaller than the PLL-and PLLA groups, and a larger fraction of elongated cells was observed (Figure 7(E) ). Typically the more elongated GFAP+ cells were located in the periphery of the distribution area. In parallel, elongated GFAP+ cells were found in the periphery on aligned fibers, and were the above all most common cell-type found here (Figure 7(F) ). Flat and large GFAP+ cells were only occasionally found at aligned fibers.
Quantification of numbers of DCX+-and GFAP+ cells, respectively, were performed ( Figure 7(G) ). At the flat surfaces higher total numbers of DCX+ and GFAP+ cells were found for PLLA compared to PLL, but no significant difference were found between the groups (cf. 75% (PLLA) to 60% (PLL)). The total number of DCX+ and GFAP+ cells after culture at aligned and random fibers was, 57% and 41%, respectively.
There was a significant larger fraction (p < 0.001) of DCX+ and GFAP+ at the flat PLLA surface compared to the fraction found at the random fiber substrates.
Compared to the flat surface (PLLA), a similar numbers of neurons was found at aligned fibers (cf. 19% to 20%, n = 6), but <50% at random fibers (cf. 8% and 20%, n = 6). However, there was no significant difference between numbers of DCX+ cells on flat PLLA and random fiber substrates. The large variance in the numbers of DCX+ cells found at the random fiber substrates may explain this result.
A lower number of GFAP+ cells were found when cells were cultured on the fiber substrates, with 32% for the random fibers and 39% for the aligned, as compared to 55% GFAP+ cells found on the PLLA flat surface. There was a significantly lower number of GFAP+ cells on the random fibers (p < 0.01), but not on the aligned fibers compared to PLLA flat surface.
Discussion
Here we demonstrate that non-functionalized PLLA electrospun fibrous scaffolds support survival, and can guide migration and promote differentiation of human embryonal brain-derived progenitors. These cells represent a heterogeneous population of neural stem-and progenitor cells, are non-immortalized and can be stable expanded into extensive numbers in the presence of mitogens with maintained multipotency, i.e.
ability to form neurons, glia and oligodendrocytes [33] . Thus, the current used HNPC line is a relevant source for studies on human brain development (especially forebrain) but also as a screening cell assay in 2D or 3D cultures of novel treatment paradigms or for testing neurotoxicity.
Today extensive attention is focused at developing 3D neural cell culture devices in drug discovery and tissue engineering, due to their apparent advantages in providing more physiologically relevant information and more predictive data for in vivo tests.
In the brain, normal cells experience a three-dimensional environment, completely surrounded by other cells, membranes, fibrous layers, and adhesion proteins. Recent advancements in development of novel in vivo mimicking culture systems, holds great promise for new insights into CNS development, function and disease pathologies.
Early studies using cell-aggregate cultures and hydrogels to mimic the 3D environment, showed longer survival, different differentiation pattern, longer neurite outgrowth and formation of higher density networks compared to traditional 2D cell cultures (e.g., [36] [37]). Encouraged by this other culture systems, mainly sponges and fibers made from both synthetic and natural materials, and combinations of both, were fabricated (e.g., [38] ).
The current used technique, electrospinning, is an advantageous method for fabrication of scaffolds where the major physical, chemical and mechanical properties of the ECM can be replicated and modified [39] .
Attachment and Survival of HNPC at PLLA Substrates
A necessity for the success of a biomaterial is good survival of the cells that come in contact with it. In agreement with others using rodent cortical-and hippocampal-derived neural cells and the biodegradable and widely used biomaterials: PLGA, PCL and PLLA [8] [9] [10] , the human cells used here displayed very good survival at the surfaces made of PLLA. Since we chose to use neurospheres as a seeding method it was not possible to quantify exact numbers of cells surviving the culture period. However, by counting numbers of spheres at two days after seeding and the at the end of the culture period (i.e. 20 days) we report a 86% -90% survival of numbers of seeded spheres (judged by the obvious residual of the sphere)in the groups seeded at fibers compared to the 100% survival at the flat substrates. The small decrease in numbers of spheres found at the fibers, compared to at the flat surfaces, may be explained by the larger potential contact area provided by the flat substrate area compared to the substrates made from random and aligned fibers, respectively. Further detailed studies on the survival by counting of single seeded cells or by using viability assays (e.g. colometric assays
with MTT or alamar blue) for measuring cell respiration, is needed for investigating this aspect further. Here it was out of the scope to study the proliferation level of the HNPC after seeding, which can be easily performed by BrdU-incorporation studies or by labeling with markers specific for dividing cells, such as Ki67 [27] . It may be suggested that proliferation may continue after seeding at the surfaces in media without the mitogens and 1% serum added (i.e. "differentiation media"), as detected when similar cells were differentiated in vitro [40] or transplanted in vivo to the rodent brain [26] [27].
Topography Influence HNPC Nuclei Alignment and Migration Rate and Extension
In correspondence with our results, others have shown that primary neurons polarize in parallel with fiber orientation [19] . In the CNS, neuronal networks are highly complex and ordered structures with neurons extending often long axons/dendrites in a directed fashion.
We describe that the nanotopography, indeed, can direct the cellular migration and nuclei alignment, using random and aligned fibers substrates. Neuronal migration is a fundamental process that decides the final location of neurons in the nervous system and creates the basis for neuronal circuitry formation [41] [42]. The current used HNPC cell line is originating from the embryonic 7 week forebrain, and thus consists of neuronal-and glial precursor cells of above all the cortex, striatum and olfactory bulb.
Notably, the neurons generated in these regions are known to migrate by significantly different modes to their final position; radially in the developing cortex via guidance by radial glia, tangentially and perpendicular to radial glia from the ganglionic eminences to final locations, e.g., in the cortex and in cell chain formations from the subventricular zone (SVZ) along the rostral migratory stream to the olfactory bulb. Radial glial cells serve several important functions in the patterning and differentiation of the developing CNS, by contributing to the generation, migration and also the specification and/or formation of neuronal subpopulations [43] .
Primate (including human) radial glia expresses GFAP and can stretch over several mm in the developing cortex. Our results clearly suggest that the 7 week old HNPC line maintain some of the developmental mechanisms described for especially the cortex, exemplified here using the aligned fibers and seen by the migration of first bipolar GFAP+ cells and later newly formed neurons (DCX+ cells) migrating along these. In addition, the cell profile of neurons migrating along radial glial cells have been described as typically unipolar, a cell morphology frequently found here at the aligned fiber substrates [44] . It has been suggested that branching processes is the default morphology for migrating neurons, which is suppressed in radial glia migration [45] . This further supports our finding that DCX+ cells at aligned fibers rarely displayed multipolar cell profiles and the majority of the elongated DCX+ cells possessed single processes.
In agreement, where less "radial-glia" like cells were found, i.e. at the random fibers larger fractions DCX+ cells with multipolar profiles and elongated cell bodies with branching processes were found.
A previous report demonstrates control of polarization, using computerized nuclei analysis, of rodent embryonic hippocampal neurons by using different topographies made by electrospun fibers [9] . By using the same analysis method, we can here confirm that also HNPC nuclei indeed align with the orientation electrospun fibers. Moreover, the entire nuclei adopted to the type of fiber orientation, exemplified by the significantly larger number of elongated nuclei (reflecting the uni-and bipolar DCX+ cells) found at the aligned fibers cf. to the random oriented counterpart. In addition, we found a significant different migration mode between HNPC cultured at random and aligned fibers, respectively. Random fibers generated a non-directed migration whereas aligned fibers promoted migration along the fibers.
Moreover, it was obvious that the HNPC migrated at a higher rate at the aligned fibers compared to at the random fibers. This is in line with a recent study describing a three-fold faster migration of keratinocytes along a straight line compared to at a flat surface [46] .
Taken together, our results strongly suggest that subcellular features, indeed, can be used to control migration rate and direction of human brain-derived progenitors. In further studies, the current protocols may be utilized for region-specific analysis of the neurons as well as more in-depth studies of the sequential migration for the supposed cortical progenitors.
Topography Influence HNPC Phenotypic Differentiation
It has been demonstrated that cell responses in 3D cultures are more similar to in vivo behavior compared to planar culture. These spatial and physical aspects in 3D cultures are reported to affect the signal transduction from the outside to the inside of cells, and Here we demonstrate that culture of HNPC at aligned fibers is more permissive for overall differentiation into GFAP+ and DCX+ cells, compared to use of random oriented fibers. This is important knowledge if e.g. the cell-scaffolds are being further explored for transplantation therapies aiming at cellular replacement.
Furthermore, the orientation of the fibers had a clear impact on the cellular morphologies, i.e., more uni-and bipolar cells found on the aligned fibers cf. to a larger fraction of multipolar cells at random fibers. This regularly described alignment, along e.g., fiber structures, is a case of contact guidance. This is believed to be due to restric- The fact that the different fiber substrates generate different morphologies of neurons, lead to the question whether a specific substrate have the potential to enrich for a regions-specific neuronal population. By using region-specific neuronal markers of the cortex, striatum and OB such analysis this question can be addressed in future studies.
If this is the case, the use of diffusible factors may not be needed to direct subtype neuronal differentiation.
Our data clearly demonstrate the appearance of different types of glial cells, based on morphological analysis. We believe that radial-glial like GFAP+ cells are formed preferable at the aligned fibers. GFAP is known to be expressed by human radial glial cells and the bipolar cell profiles with often DCX neurons migrating along them, further suggesting this identity. Notably, the flat PLLA control-substrates displayed more over-all differentiation for both glial-and neuronal differentiation as compared to standard flat PLL coated glass surfaces, or the two fiber substrates. Here, the quantitative differentiation results from PLL flat surfaces and aligned fibers were very similar in this respect. The finding that cultures at the random fiber substrates showed the lowest differentiation potential, or slow down this process, indicate that such structures could be utilized for keeping stem cell-ness, a task otherwise usually solved by a feeder-layer of suitable cells.
In summary, the polymer PLLA itself is more permissive for differentiation of the HNPCs compared to standard used PLL coating of glass chamber slides. Our current study presents an interesting model system for studying crucial factors for the migration and morphological development of forebrain neurons in a spatial and temporal fashion. In further studies it is of great interest to in detail investigate the functional development of the HNPC-derived neurons, by studying e.g. expression of markers for late neuronal differentiation, such as MAP-2 and neurofilament as well as for synaptic formation (e.g., the markers synaptophysin and SV2 [29] . Studies of electrical activity are also needed, and Bourke at al previously reported maintained electrical activity over time in rodent CNS-derived neurons, using patch-clamp techniques [8] .
Conclusion
By using two distinctly different topographies of electrospun PLLA fibrous scaffolds, we report that the physical cues significantly affect basic human brain progenitor behavior, including migration and phenotypic differentiation potential. We strongly believe that the current presented simple non-functionalized HNPC-fibrous scaffold system can serve as an excellent model in further studies exploring topics including brain development and function, neurotoxicity, and in advancement of cellular replacement therapies.
